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ABSTRACT

Vital molecular processes such as DNA replication, transcription, translation, and maintenance occur through 
transient protein interactions.  Elucidating the mechanisms by which these protein complexes and interactions 
function could lead to treatments for diseases related to DNA damage and cell division control.  In the recent decades 
since its introduction as a third domain, Archaea have shown to be simpler models for complicated eukaryotic 
processes such as DNA replication, repair, transcription, and translation.  Sulfolobus solfataricus is one such model 
organism.  A hyperthermophile with an optimal growth temperature of 80°C, Sulfolobus protein-protein complexes 
and transient protein interactions should be more stable at moderate temperatures, providing a means to isolate 
and study their structure and function.  Here we provide the initial steps towards characterizing three DNA-related 
Sulfolobus proteins with small angle X-ray scattering (SAXS): Sso0257, a cell division control and origin recognition 
complex homolog, Sso0768, the small subunit of the replication factor C, and Sso3167, a Mut-T like protein.  SAXS 
analysis was performed at multiple concentrations for both short and long exposure times.  The Sso0257 sample 
was determined to be either a mixture of monomeric and dimeric states or a population of dynamic monomers in 
various conformational states in solution, consistent with a fl exible winged helix domain.  Sso0768 was found to 
be a complex mixture of multimeric states in solution.  Finally, molecular envelope reconstruction from SAXS data 
for Sso3167 revealed a novel structural component which may function as a disordered to ordered region in the 
presence of its substrates and/or protein partners.

INTRODUCTION

Transient protein complexes and assemblies perform many 
essential biological processes in organisms.  Elucidating the precise 
mechanism by which these processes are carried out will give 
valuable insight into how cells function.  Of particular interest is 
how cells effi ciently replicate, repair, translate and transcribe their 
DNA.  In humans and other mesophiles, these processes involve 
dynamic protein complexes, which can be diffi cult to study due 
to their transient nature.  Instead, researchers have looked to 
hyperthermophilic Archaea to provide more tractable model systems 
for the more complicated eukaryotic processes.

A growing number of archaeal genomes have recently been 
sequenced, revealing that Archaea process information similarly 
to Eukaryotes [1,2,3,4].  Archaeal DNA translation, transcription, 

and replication resemble eukaryotic processes, but with Archaea-
specifi c characteristics.  In particular, the archaeal transcription 
initiation complex shares many important characteristics with the 
more complicated eukaryotic complexes [5,6,7,8].  In addition to 
providing a simpler model, many Archaea are hyperthermophiles 
implying that their transient protein complexes will be more 
physicochemically stable at moderate temperatures, potentially 
allowing researchers to thermally-trap protein complexes that are 
unstable in their eukaryotic homologs.

Sulfolobus solfataricus (S. so) is a broadly researched crenarchaeon, 
whose proteins have been used to model molecular mechanisms in 
the cell cycle, chromosomal maintenance, transcription, translation, 
RNA processing, and DNA replication [9, 10].  S. so has an optimal 
growth temperature of 80°C, is aerobic and heterotrophic, can be 
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grown on liquid or solid media, and is relatively easy to work with 
in the lab.

Here we present the expression, purifi cation, and low-resolution 
structural characterization using small angle X-ray scattering (SAXS) 
for three S. so proteins involved in nucleic acid metabolism.

Sso0257, Cell Division Control 6 (CDC6), Origin Recognition 
Complex 1 (ORC1) homolog

S. so contains open reading frames (ORFs) encoding eukaryotic-
like initiation factors including three cell division control 6 (CDC6)/ 
origin recognition complex 1 (ORC1) homologs: CDC6-1, CDC6-
2, and CDC6-3 [4,10].  In Eukaryotes, ORC1 recognizes and binds 
to origins of replications in an ATP-dependent mechanism, then 
recruits the prereplication complexes, including CDC6, to the 
replication origin.  CDC6 helps to assemble the minichromosome 
maintenance (MCM) proteins.  Based on sequence similarity, She 
et al. have suggested that the three S. so CDC6 homologs combine 
the functions of the eukaryotic CDC6 and ORC1 proteins [4].  
Sso0257 is the 45 kilodalton (kDa) CDC6-1 protein.  Sso0257 
has been biochemically characterized reporting the formation of 
monomers in solution and the ability to auto-phosphorylate in 
vitro [11].  Additionally, Sso0257 binds DNA, with a preference 
for bubble and fork substrates and stimulates S. so MCM protein 
binding to oligonucleotides with bubble or fork structure [11].  
Recently, Sso0257 was crystallized in complex with CDC6-3 and 
replication origin DNA displaying an independent yet consorted 
deformation of the DNA where both the ATPase and the winged 
helix domain bind DNA [12].

Sso0768 Replication Factor C (RFC), Activator 1, small 
subunit

Replication factor C is a clamp-loader protein known to load the 
polymerase processivity factor (Proliferating Cell Nuclear Antigen, 
PCNA in Eukaryotes) onto DNA.  In S. so, two RFC proteins 
were identifi ed: a large (47 kDa) and a small subunit (38 kDa) [4].  
Sso0768, the small subunit, cannot alone bind DNA effectively or 
initiate DNA polymerase B1 in the presence of either S. so PCNA-
like proteins, 039p and 048p [13].

Sso3167 Mut-T like protein 

A member of the base excision repair family, Mut-T proteins 
repair endogenous oxidative damage to dGTP nucleotides prior 
to incorporation in the genome during replication.  Mut-T was 
originally discovered in bacterial cells; however a similar protein 
has been partially purifi ed from human cells [14].  Sso3167 is an 
18 kDa polypeptide.

MATERIALS AND METHODS

One liter LB media containing 0.1 mg/ml ampicillin was 
inoculated from frozen stocks of E. coli Rosetta cells (Novagen) 
transformed with the pet21a vector (Novagen) containing the S. so 
gene of interest fused to a C-terminal six-histidine tag.  Cultures 

were grown at 37°C while shaking at 250 revolutions per minute 
(rpm) to an optical density of 0.5 at 600 nm (logarithmic phase).  
Protein expression was induced by the addition of isopropyl ß-D-
1-thiogalactopyranoside (IPTG) to a fi nal concentration of 1 mM 
at 20°C while shaking at 225 rpm for 8 hours.  

Cells were harvested by centrifugation at 4500 x g at 4°C.  Packed 
cell volume (PCV) was approximately 7 ml and cell pellet mass was 
about 7 g.  Cell pellets were resuspended and lysed by sonication in 
four to fi ve times the PCV of 25 mM TRIS, pH 8.0, 10% glycerol, 
250 mM NaCl (buffer A).  Samples were heated at 65°C for 25 
minutes to denature E. coli proteins, and then centrifuged at 14,500 x 
g and soluble extract was retained for purifi cation.  Protein expression 
was confi rmed by visualization of appropriately sized bands on 
sodium dodecyl sulfate — polyacrylamide gel electrophoresis (SDS-
PAGE) stained with Coomassie Brilliant Blue (CBB) dye.

Ni-NTA Superfl ow beads (QIAGEN) were equilibrated with 
buffer A in a one to one ratio.  Three milliliters of the buffer A and 
bead resin was added to each soluble protein extract and tumbled 
gently at 4°C for one hour.  The beads were washed three times with 
buffer A, then loaded onto a column (15 mm x 150 mm, KONTES) 
previously rinsed with buffer A.  Protein was eluted using a linear 
imidazole gradient from 0 to 250 mM over 30 ml in a Fast Protein 
Liquid Chromatography (FPLC) system (Pharmacia).  Protein 
elution was monitored by UV absorbance at 280 nm (Pharmacia 
LKB, Optical Unit UV-1) and collected in 1 ml fractions.  Purity and 
yield were determined by protein visualization on CBB stained SDS-
PAGE.  Uncontaminated fractions were pooled and concentrated 
using Amicon Ultra-4 centrifugal fi lter devices (Millipore).

Experimental SAXS data of protein samples in buffer A were 
collected at the SIBYLS Beamline 12.3.1 of the Advanced Light 
Source (Lawrence Berkeley National Laboratory).  Three proteins, 
lysozyme (14.3 kDa), bovine serum albumin (66.2 kDa), and glucose 
isomerase (172 kDa), were used to estimate molecular weights with 
respect to zero angle scattering intensity and concentration.  All 
samples were exposed at 12 KeV for 5 seconds, 50 seconds, and then 
5 seconds again to check for radiation damage.  Sso0257 data were 
collected at concentrations of 6.9, 3.5, and 1.8 mg/ml.  Sso0768 data 
were collected at concentrations of 2.3, 1.1, and 0.6 mg/ml.  Sso3167 
data were collected at concentrations of 6.0, 3.0, and 1.5 mg/ml.  
CRYSOL [15] software was used to generate theoretical scattering 
curves from crystal structures of homologs.  OLIGOMER [16] was 
used to predict multimeric composition from solved structures to 
best fi t the experimental data.  DAMMIN [17] was used to generate 
ab initio envelope predictions.

RESULTS

Recombinant Protein Expression

Induced protein expression and solubility was evaluated for all 
three proteins by visualization of soluble extract fractions on a CBB 
stained SDS-PAGE (see Figure 1).  Other heat-stable proteins were 
observed, most of which were common to all samples; however, 
the over-expression of an approximately 30 kDa polypeptide was 
clearly evident and unique to Sso0257.  Another contaminating 
polypeptide of about 20 kDa was observed exclusively in the 
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over-expression of Sso0768 (see Figure 1).  The over-expression of 
Sso3167 was visualized by SDS-PAGE as a small band; however, 
because of the low molecular weight (18 kDa), the protein ran with 
the dye front, making it diffi cult to resolve (see Figure 1).  All three 
recombinant proteins (Sso0257, 0768, and 3167) were abundantly 
over-expressed in E. coli and resulted in heat stable and soluble 
recombinant proteins.

Sso0257 CDC6/ORC1

Large scale purifi cation of Sso0257 was carried out and purity 
and abundance were determined by CBB SDS-PAGE.  Peak elution 
fractions were pooled and concentrated to 6.9 mg/ml.  Dilutions 
were then made using buffer A to concentrations of 3.5 mg/ml and 
1.8 mg/ml.  

Scattering curves for the different concentrations suggest 
non-specifi c aggregation at higher concentrations (see Figure 2A).  
This is also evident in the Guinier plots.  At a low concentration 
(1.8 mg/ml) the Guinier plot is linear (see Figure 2B) but at the 
highest concentration (6.9 mg/ml) the plot lacks linearity (see 
Figure 2C).  Scattering curves for multiple exposure times show no 
X-ray induced damage at the lower angles (see Figure 2D) nor is 
there damage evident in the higher angles (see Figures 4A–B).  The 
radius of gyration determined by the linear range of the Guinier 
plot at a concentration of 1.8 mg/ml is 32.0 Å.  The molecular 
weight of Sso0257 was experimentally determined from SAXS 
data by extrapolation on a standard curve generated from three 
known proteins with respect to zero angle intensity and sample 
concentration (see Figure 3).  This experimental data is most 
consistent with the monomeric state of the recombinant Sso0257, 
which has a molecular weight of 46 kDa, including six-histidine tag 
(see Figure 3).  The crystal structure of the homologous Pyrobaculum 
aerophilum CDC6p protein (1FNN.pdb) was used for comparison 
with experimental data [18].  This homolog shares 27% sequence 
identities with the Sso0257 protein and forms a dimer in the crystal 
structure.  CRYSOL was used to generate scattering curves from the 
entire structure as well as the single chain A to provide dimer and 
monomer theoretical scattering curves to compare with the Sso0257 
scattering data.  However, neither theoretical curve was in good 
agreement with the experimental data (see Figures 4A–B).  Therefore, 
the OLIGOMER program was used to estimate mulitimeric 
composition.  The best fi t to the experimental data was a 50/50 
mixture of monomer and dimer states (see Figure 5).  DAMMIN 
was used to construct an ab initio shape prediction for the SAXS 
data, which was superimposed on the CDC6p dimer structure as 
well as the single chain A (monomer) structure; however, the ab 
initio shape did not agree with either form of the crystal structure 
(see Figures 4C–D).  

Figure 1. SDS-PAGE shows heat stable protein extracts for uninduced 
and induced cultures.  Target proteins are circled in red.

Figure 2. Sso0257 SAXS Data  A) Scattering curve shows non-specifi c 
aggregation at higher concentrations.  B) Linear range of Guinier plot at 
a concentration of 1.8 mg/ml suggests no aggregation.  C) Guinier plot 
at highest concentration (6.9 mg/ml) shows aggregation.  D) Scattering 
curve (3.5 mg/ml) at various exposure times indicates no X-ray induced 
damage.

Figure 3. Sso0257 molecular weight estimation.  Red line indicates 
standard curve based on three proteins with respect to known molecular 
weight, zero angle intensity and sample concentration.
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Sso0768 Replication factor C (RFC), Activator 1, small 
subunit

Protein purity and abundance from the over-expression of 
Sso0768 were determined by CBB SDS-PAGE, and then peak 
elution fractions were pooled and concentrated to 2.3 mg/ml.  
Dilutions were then prepared in buffer A to concentrations of 1.1 
mg/ml and 0.6 mg/ml.

SAXS curves for the lower concentrations (1.1 mg/ml and 
0.6 mg/ml) show different oligomerization states for different 
concentrations (see Figure 6A).  A Guinier plot is not linear for the 
1.1 mg/ml sample concentration suggesting aggregation (see Figure 

6B).  The radius of gyration approximated from the Guinier plot 
is 34.3 Å.  An archaeon RFC small subunit crystal structure from 
the hyperthermophile Pyrococcus furiosus [19] with 59% sequence 
identities to Sso0768 was available for comparison with the 
experimental scattering curves.  The P. furiosus RFC small subunit 
crystal structure (1IQP.pdb) is a hexamer, therefore theoretical 
scattering curves were predicted using CRYSOL from the six chains 
of the structure (monomer based on chain A, dimer based on chains 
A and B, trimer based on chains A, B, and C, tetramer based on 
chains A, B, C, and D, pentamer based on chains A, B, C, D, and 
E, hexamer based on complete crystal structure) [19].  Neither the 
monomer nor the hexamer theoretical curves coincide with the 
experimental curve (see Figures 7A–B).  OLIGOMER was used to 
estimate the composition of oligomeric states.  The best fi t to the 
experimental data was to a mixture of 69% monomer, 13% trimer, 
3% tetramer, and 15% hexamer (see Figure 7C).  

Figure 5. Scattering curves for Sso0257 experimental data, P. 
aerophilum CDC6p theoretical curves for monomer and dimer, and 
OLIGOMER best fi t curve.

Figure 4. Sso0257 SAXS data compared with homologous crystal 
structure. A) Experimental scattering curve superimposed on theoretical 
scattering curve for P. aerophilum CDC6p, chain A (monomer). B) 
Experimental scattering curve superimposed on theoretical scattering 
curve for P. aerophilum CDC6p dimer structure. C) Sso0257 DAMMIN 
ab initio shape prediction superimposed on P. aerophilum, chain A 
crystal structure in three orientations. D) Sso0257 DAMMIN ab initio 
shape prediction superimposed on P. aerophilum CDC6p dimer crystal 
structure in three orientations.

Figure 6. Sso0768 SAXS data  A) Scattering curves at different 
concentrations display increased oligomerization at higher 
concentrations.  B) Guinier plot at a concentration of 1.1 mg/ml shows 
slight aggregation.
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Sso3167 Mut-T like protein 

Protein purity and abundance were determined by CBB SDS-
PAGE after large scale protein preparations.  Fractions corresponding 
to the elution peak were pooled and concentrated to 6.0 mg/ml and 
dilutions were then prepared in buffer A to concentrations of 3.0 
mg/ml and 1.5 mg/ml.

Experimental scattering curves for various concentrations 
and exposure times are in agreement suggesting no concentration 
dependence or radiation damage (see Figures 8A–B).  At a low 
concentration (1.5 mg/ml), the experimental data fi ts linearly on 
a Guinier plot of the lower angles indicating sample homogeneity 
(see Figure 8C), but at high concentration (6.0 mg/ml), the data 
begins to lack linearity suggesting slight aggregation or an elongation 
within the protein (see Figure 8D).  The radius of gyration given by 
the linear range of the Guinier plot is 18.7 Å at a concentration of 
1.5 mg/ml and 19.7 Å at a concentration of 6 mg/ml.  

The Deinococcus radiodurans Mut-T/NADIX, chain A 
crystal structure [20] was used for comparison with the Sso3167 
experimental data.  The D. radiodurans homolog (1NQY.pdb) 
shares 27% sequence identities to Sso3167 including a similar large 
region of disorder.  A theoretical scattering curve was generated 
from the crystal structure using CRYSOL.  When overlaid with 
the experimental data, the theoretical curve is similar, but offset at 
higher angles indicating a deviation in overall protein shape (see 
Figure 9A).

DAMMIN was used to generate ab initio shape predictions from 
the experimental scattering curves.  Ten individual runs using the 
q range up to 0.21 Å consistently predicted an extension in various 
orientations.  These ten individual runs were averaged to generate 
the fi nal shape prediction (See Figure 9B).  The D. radioduran 
crystal structure was superimposed on the shape prediction for 

Figure 7. Sso0768 SAXS data compared with P. furiosus homologous 
crystal structure. A) Experimental data superimposed on the theoretical 
scattering curve for the P. furiosus RFC small subunit, chain A (monomer).  
Also shown is the crystal structure from which the theoretical curve was 
derived. B) Experimental data superimposed on the theoretical scattering 
curve for the P. furiosus RFC small subunit hexamer. Also shown is the 
crystal structure used to generate the theoretical curve. C) Sso0768 
experimental data overlaid with OLIGOMER best fi t for P. furiosus RFC 
small subunit complex mixture of oligomeric states.

Figure 8. Sso3167 SAXS data. A) Scattering curves for various 
concentrations are consistent with each other suggesting no 
concentration dependence. B) Scattering curve of low angles for 
consecutive exposure times shows no X-ray induced damage. C) At 
a low concentration (1.5 mg/ml) the Guinier plot is linear suggesting 
sample homogeneity. D) At a higher concentration (6 mg/ml), the Guinier 
plot begins to lack linearity, which may correspond to slight aggregation 
or an elongated portion of the protein.
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the Sso3167 data.  The crystal structure is missing eleven residues 
which may fi t in the elongated potion of the envelope (see Figure 
9B).  Although normalized spatial discrepancy has previously been 
suggested to determine goodness of fi t for three-dimensional objects 
[21], statistical methods have proven unreliable in accessing the fi t 
of a model.  Instead, best fi t of the shape prediction is based on 
experimental repetition and visually comparing the fi nal models 
[22]. 

DISCUSSION AND CONCLUSIONS

Sso0257 CDC6-1

Scattering data at higher concentrations (6.9 mg/ml) shows 
non-specifi c aggregation (see Figure 2A).  Although the homologous 
P. aerophilum CDC6p crystal structure is dimeric, its theoretical 
scattering profi le is not in good agreement with the experimental 
data (see Figure 4A).  Interestingly, the theoretical curve for the single 
chain A (monomer) also did not agree with the SAXS data (see Figure 
4B).  Using a standard curve based on three proteins, the estimated 
molecular weight for Sso0257 is 46kDa, which is consistent with a 
monomeric state (see Figure 3); however the ab initio shapes appear 

Figure 9. Sso3167 experimental data compared with homologous 
crystal structure. A) Sso3167 scattering curve superimposed on the 
theoretical curve for the D. radiodurans Mut-T crystal strucutre shows 
slight deviation at the higher angles. B) Sso3167 DAMMIN ab initio 
shape prediction superimposed on the D. radiodurans Mut-T crystal 
structure in three orientations.
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too large to be monomeric when compared with the P. aerophilum 
monomer structure (see Figure 4C).  The shape also confl icts with 
the P. aerophilum dimer structure (see Figure 4D).  It is probable 
that the discrepancy in the predicted low resolution shape and the 
homologous crystal structures is attributed to a fl exible winged helix 
domain within the protein.  The fl exibility of this domain in solution 
may cause the shape reconstructions to be larger than the monomeric 
crystal structure.  The functional relevance of this domain is evident 
in the recently published crystal structure of CDC6-1 complexed 
with CDC6-3 and origin DNA (2QBY.pdb) where the winged helix 
domain is deeply inserted into the DNA grooves and effectively 
deforms the duplex [12].  Another possibility for the inconsistency 
in the shape predictions and the crystal structures is that the sample 
is a mixture of monomer and dimer states.  This is supported by the 
best fi t curve from the OLIGOMER analysis based on predicted 
scattering profi les for the P. aerophilum monomer and dimer (see 
fi gure 5).  In order to discriminate between these two possibilities, 
the protein sample will be further purifi ed by size exclusion.  This 
will ensure monodispersity in the sample and will eliminate the 
possibility of a mixture of oligomeric states.  The protein will then 
be analyzed with SAXS and again compared to the homologous 
crystal structure to determine whether the size difference between 
ab initio shape and the crystal structure is attributed to the fl exibility 
of the winged helix domain.

In a separate article published at the same time as the CDC6-1, 
CDC6-3 and origin DNA complex, the A. pernix ORC1 protein 
was crystallized with a 22bp canonical origin of replication sequence 
[23] showing DNA-binding activity for both the expected winged 
helix domain, but also, surprisingly, for the ATPase domain as well.  
Therefore, further studies will be conducted using SAXS on the 
conformational changes assumed in presence of bubble or forked 
DNA and ATP.

Sso0768 RFC6, Activator 1, small subunit

Comparison of scattering data at 1.1 mg/ml and 0.6 mg/ml 
shows different scattering curves, which indicates aggregation and 
higher oligomerization of this protein at higher concentrations (see 
Figure 6A).  The P. furiosus RFC small subunit crystal structure is a 
hexamer, but neither the theoretical scattering curve derived from 
the hexamer nor the monomer state agree with the experimental 
scattering curve for Sso0768 (see Figures 7A–B).  The hexameric 
crystal structure has two-fold symmetry and can be viewed as two 
trimer states (see Figure 10).  This view supports the OLIGOMER 
fi t of mostly monomers, trimers and hexamers to the SAXS data (see 
Figure 7C).  It is likely that at higher concentrations the Sso0768 
protein forms trimers, which then assemble into hexamers because of 
interactions between the proteins.  As a clamp loader, this oligomeric 
state may also serve a functional purpose loading the polymerase 
onto DNA.  Sso0768 will be further purifi ed by size exclusion and 
will be analyzed by SAXS at increased temperature (40°C and 60°C) 
to study what affect temperatures closer to biological conditions will 
have on the oligomerization state.  These methods will elucidate the 
functional and physiological relevance of the oligomeric state and 
should resolve whether trimers and hexamers are only formed at high 
concentrations or if they are functionally signifi cant.  Also, Sso0768 

will be co-expressed with the RFC large subunit to investigate any 
conformational or oligomeric changes brought about by interactions 
between the subunits in solution.

Sso3167 Mut-T like protein

The predicted scattering curve from the D. radiodurans 
homolog and the experimental scattering curve are analogous but 
do not overlay completely at larger angles (see Figure 9A).  This 
discrepancy may be caused by an extended region of the protein that 
is not resolved in the crystal structure.  This possibility is further 
supported by the ab initio shape prediction for Sso3167, which 
contains a protrusion that may correspond to the eleven missing 
residues in the crystal structure of the D.radiodurans homolog (see 
Figures 9B).  Both Sso3167 and the D. radiodurans Mut-T protein 
contain large regions of disorder based on sequence as predicted 
by PONDR [24,25,26] (data not shown).  It is likely that these 
disordered regions occupy the extension in the shape prediction, 
transitioning from a fl oppy domain in solution to a functional 
region in the presence of a substrate.  This feature may also help 
to recognize oxidized dGTP and catalyze the reaction to remove it 
from the free nucleotide pool.  Possible changes in conformation 
and oligomeric states in the presence of oxidized dGTP and other 
nucleotides will be studied using SAXS to evaluate the functional 
role of the elongation in enzymatic activity.

These three archaeal proteins were chosen because of their 
involvement in processes that are similar to and representative of 
more complicated processes in Eukaryotes and their preliminary 
characterization emphasizes the utility of hyperthermophilic proteins 
as models for higher eukaryotic processes.  Sso0257 is an essential 
component in origin recognition and has also been implicated in cell 
division control [18].  Understanding how this protein recognizes 
origins and initiates replication will help to shed light on how 
and why mutations occur during this process.  Sso0768 is a RFC 
subunit thought to help load the processivity factor onto DNA.  
The mechanism for this is still unclear as is the role of the large 

Figure 10. P. furiosus RFC small subunit hexamer arranged into two 
trimers.
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subunit and its possible interaction with Sso0768, the processivity 
factors and DNA.  Sso3167 is a Mut-T like protein.  This family of 
proteins is important in preventing mutated nucleotides from being 
incorporated into DNA.  The expression, purifi cation and initial 
SAXS analysis of these proteins demonstrates the applicability of 
thermo-stable archaeal proteins to provide simplifi ed model systems 
for transitory eukaryotic processes.
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